This study describes an application of Systematic Variation method (SV) for optimizing cation proportions (K, Ca, Mg, Na) and the total element concentration of hydroponically-grown tomatoes. A randomized complete-block design with 5 replications (3 plants per experimental unit) was used to compare a factorial combination of 4 proportions of K:Ca:Mg:Na and 2 total concentrations of elements (30 and 60 meq L -1 ). Each of the cation proportion treatment was defined by a high proportion of one cation (V=0.64) and an equally low proportion of the others (v=0.12) for a total amount of one (V + 3v = 1). The highest total and marketable yield were obtained in treatment with high proportion of K (avg. 2.94 and 2.72 kg plant -1 , respectively) and Ca (avg. 2.84 and 2.65 kg plant -1 , respectively), while treatments with high proportion of Mg (avg. 2.59 and 2.22 kg plant -1 , respectively) and Na (avg. 2.21 and 2.09 kg plant -1 , respectively) gave the lowest values. The highest incidence of blossomend rot was observed in treatments with high proportion of Mg and K (avg. 10.8 % and 3.7 % of total yield, respectively). Fruit quality (soluble solids, titratable acidity, EC) improved by increasing the proportion of K and Na and the total concentration. The SV method showed that for maximise the marketable yield it is necessary to include a large amount of K and Ca in the nutrient solution.
INTRODUCTION
Nutrient management is a key factor for the successful of soilless culture (Mozafar, 1993; Rosenfeld, 1999) . In fact, deficiency or excess of nutrient elements can lead to a reduction of growth and yield of plants. The cause of this alterations are many and varied: an inadequate supply of one or more plant nutrients in growing medium, continuous nutrient withdrawals without nutrient element replacement, leaching or retention of nutrient elements, antagonism between nutrients.
In nutrient solution management the first step is to provide the optimal composition and concentration of nutrients. Various nutrient solutions for soilless cultivation are reported in the literature (Hoagland and Arnon, 1938; Hewitt, 1966; Steiner, 1984; Benoit and Ceustermans, 1989) ; moreover, nutrient solutions have been developed in specific local environmental growing conditions using scientific methods and/or empiric approaches to maximize the crop yield. Some authors have proposed mathematical methods for modeling the crop response by varying the fertilizer inputs (Homes, 1993; Schrevens, 1999, 2001 ). The approach proposed by Homes (1993) which is called Systematic Variations method (SV) has allowed to optimize the crop yield of zucchini and tomato in soilless culture (Colla et al., 2004; Fanasca and Colla, 2004) ; the SV method may also be used to understand the relationship between a quality parameter and the nutrient solution composition allowing the development of nutrient solution management strategies which permit to improve the product quality. The objectives of the present study were: 1) to evaluate the effects of cationic proportions (K, Ca, Mg, Na) and total concentration of nutrient solution on yield and quality of hydroponically-grown tomato plants; 2) to calibrate mathematical models which describe the evolution of a crop parameter (marketable yield or fruit soluble solid concentration) by changing the cation proportions and the total concentration.
MATERIALS AND METHODS

Systematic Variations Method
The SV method permits the optimization of the mineral nutrition through the calibration of a mathematical model which describes the evolution of a quantitative crop parameter (e.g. growth, yield) by changing the nutrient proportions and total concentration in the nutrient solution. Moreover, the SV method permits this optimization with a limited number of treatments based on symmetrical nutrient proportions of treatments.
A detailed description of the method is reported in a previous article by Colla et al. (2004) . In the present article the general exponential response function (Homès and van Schoor, 1993 ) relating a crop parameter to cationic proportions and total nutrient concentration in the solution has the following mathematical form: [1] where y is the crop parameter (e.g. marketable yield, soluble solids); C is the total cation concentration (meq L -1 ); E is a parameter to be fitted; xK, xCa, xMg, xNa are the cationic proportions where xK + xCa + xMg + xNa = 1; a1, a2, a3, a4 are exponents which describe the activity of each ion.
Experimental Design
A randomized complete block design was used with five replications. Treatments were four formulations with different proportions of K, Ca, Mg, Na (xK, xCa, xMg, xNa, respectively) × two total concentrations of N, P, S, Cl, K, Ca, Mg and Na (30 and 60 meq L -1 ).
The formulation treatments were defined by a high proportion of one cation (V= 0.64) and a equally low proportion of the others (v=0.12) in front to the same anionic proportions (0.67 NO 3 ; 0.20 SO 4 ; 0.07 H2PO 4 ; 0.06 Cl), total concentration (30 or 60 meq L -1 , according to the experimental treatment) and anion:cation ratio (1:1).
Growing Conditions
Tomato plants 'Lido' (Enza seeds) were grown from 12 August 2003 to 21 January 2004 under greenhouse conditions at the experimental farm of Tuscia University, central Italy (latitude 42°25′ N, longitude 12°08′ E, altitude 310 m).
Tomatoes were transplanted in pots (5 L) filled with quartziferous sand. The nutrient solution was pumped from independent tank through a drip-irrigation system without recirculation of the drainage solution.The irrigation was performed using tensiometers, with range of 3-15 daily irrigations of 1-3 minutes. The EC of nutrient solution was in a range of 1.5-2.5 dS m -1 for concentration of 30 meq L -1 and of 3.5-4.5 dS m -1 for concentration of 60 meqL -1 . Plants were clipped at the 5th cluster. From 26 November the fruits were harvested at the ripening stage and the following data were collected: number and weight of total and marketable fruits per plant, mean weight of marketable fruits. The numbers of green, offshaped, and blossom-end rot fruits were also recorded. Soluble solids content, pH, EC and titratable acidity of marketable fruits for all treatments were also determined on four marketable fruits for plot. Soluble solids were measured with a refractometer and expressed as obrix, titratable acids were determined on filtrates titrated to pH 8.1 with 0.1 N NaOH and were expressed as g citric acid per 100 g fresh weight.
All data were statistically analyzed by ANOVA using the SPSS software package (SPSS 9.0). Duncan's multiple range test was performed at P≤ 0.05 on each of the significant variables.
RESULTS AND DISCUSSION
In Table 1 are reported the marketable and total yields for two concentrations of elements (30 and 60 meq L -1 ). The marketable and total yields, mean weight of fruits, were significantly affected by the cationic treatments, while no significative differences were observed with increasing nutrient concentration level. The interaction between cationic treatment and nutrient concentration did not affect the productive traits. At both total nutrient concentrations the marketable and total yields were highest in plant grown with high proportion of K and Ca, and lowest in those with high proportions of Mg and Na as observed by Fanasca and Colla (2004) . High proportions of K and Mg increased the mean weight of fruits, while the lower number of fruits for plant was observed in treatments with high proportions of Mg and Na. The highest incidence of blossom end rot was observed in Mg and K treatments (respectively 10.8 % and 3.7 % of total yield). As a rough estimate one could say that the best nutrient solution will be composed of dominance of K and Ca and less importance of Mg and Na.
In Table 2 are reported the quality parameters of tomato fruits: soluble solids, EC, pH, titratable acids. The soluble solids and EC were significantly affected by the cationic treatments and total concentration, while no significative differences were detected for interaction between cationic treatment and nutrient concentration. The pH was significantly affected only by total nutrient concentrations, while titratable acids by total nutrient concentrations and interaction cationic treatment × total nutrient concentrations. At both total nutrient concentrations the higher soluble solids concentration and value of EC were observed in treatment with high proportions of K and Na, while the lower values were detected in plants grown with high proportions of Ca and Mg. The highest EC value recorded in our experiment can be explained by a higher fruit uptake of K and Na.
According to the SV method, the optimal proportions of cationic were estimated using yields and soluble solids concentrations of experimental treatments. The results showed that to achieve the maximum marketable yield, tomato requires high proportions of Ca while the maximum soluble solids are reached with similar proportions between cations (Table 3) . The SV method permitted to calculate the tolerance values (deviation from the nutrient proportion of total concentration which can be accepted without any significant variation of crop response) of the proportions and total concentrations from the variability coefficients of experimental treatments (Table 3) .
In Table 4 are reported the parameters of the response function for the productive parameters (marketable yield and soluble solids concentration). The calibrated Eq. 1 gave the optimal concentration of elements for marketable yield (40.8±3.2 meq L -1 ) and soluble solids (52.6±3.1 meq L -1 ). The calibrated Eq. 1 permitted to estimate the maximum marketable yield (4.67 kg plant -1 ) and soluble solid concentration (8.7 obrix) at the optimal cationic proportions and total concentration.
It is interesting to notice that the total concentration for optimizing the soluble solids is higher of those for marketable yield, in agree with previous studies concerning the effects of solution salinity on tomato fruit quality (Petersen et al., 1998; Dorais et al., 2001 )
CONCLUSIONS
To summarize, we can conclude that the the application of SV method permitted the determination of optimal proportions of cations (K, Ca, Mg, Na) and the best total concentration of elements (N, P, S, Cl, K, Ca, Mg, Na) for maximizing the marketable yield and the soluble solid concentration. Benoit, F. and Ceustermans, N. 1989 
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